Abstract: Although changes in biodiversity and in ecosystems are surely caused by a range of interacting drivers, such as natural or human-induced factors, one of the important drivers having major impacts on climate and biodiversity and leading to range changes and fragmentation is global warming. Defining past range changes/fragmentations during interglacial periods may provide tools to understand possible impacts of global warming on present biodiversity. To test this assumption we studied a marker gene in the bush-cricket Poecilimon birandi, a species confined to South-west Anatolia that demands a cold climate. Haplotypes of P. birandi constituted three main phylogroups, West, East and Demre. All haplotypes are unique to the respective phylogroup. An AMOVA suggested considerable divergence at all hierarchical levels. Though there is a strong isolation between phylogroups, the East and West groups harbour considerable haplotype diversity. Most of the demographic analyses suggest stable historical populations for the West and East phylogroups, but a coalescent-based demographic analysis indicates a bottleneck for the West phylogroup. The main conclusions are; (i) P. birandi contains considerable phylogenetic signal in 16S rDNA, (ii) there were at least three contemporaneous radiations, which might have originated from isolated refugial populations during Pleistocene, (iii) within a refugium, range changes induced by climatic shifts may be only vertical through an altitudinal gradient, (iv) significant genetic structure can arise in a small heterogeneous area, if the species requires particular habitats and has weak dispersal ability, (v) climatic shifts may cause fragmentation or extinction of populations, but can also lead to divergence of populations suffering from fragmentation, and (vi) altitudinal heterogeneity plays a buffering role, allowing for survival of the refugial biodiversity.
Introduction
Conservation biology is an interdisciplinary field integrating data not only from population genetics to evolution but also from climatology to ecology, and it involves the application of evolutionary and molecular genetics to biodiversity conservation, (Frankham et al. 2004; Frankham 2010) . One of the main fields providing data for conservation programs and actions is phylogeography, since it is a synthesis of taxonomy, evolution, ecology and geography (Avise 2001; Wiens & Donoghue 2004; . Although the phylogeographic story of a particular phylogroup may contain signatures of previous environmental changes, those of the most recent events are more prominent. For the phylogroups in glacial refugia, the most recent and the most prominent historical events that produced the present biodiversity patterns are, aside from human impact, the climatic shifts of the Pleistocene (Jansson & Dynesius 2002; Schmitt 2007; . Global warming is one of the major environmental events of our time that will determine future biodiversity (Thomas et al. 2004; Thuiller et al. 2005; Gobbi et al. 2006; Schwartz et al. 2006) . There are differences between present global warming and past interglacial warming. However, both of these climatic events share a fundamental analogy in terms of their impacts on biodiversity: evolution and range changes of populations/phylogroups in response to increasing temperature (Ç ıplak 2008) . This can provide an important tool for understanding the possible effects of global warming on present biodiversity and for making effective plans for future conservation.
Previous studies concerning phylogeography of interglacial ages assume two general patterns of range changes: latitudinal and altitudinal. These range changes are also expected to occur during global warming (Jansson & Dynesius 2002; Hampe & Petit 2005; Carstens & Knowles 2007; . However, for cold adapted populations/species in refugia such as Anatolia, especially for those in the southern part, a horizontal northward expansion or range shift seems unlikely because they are mostly restricted to partic- Table 1 for further details). ular highlands, and low elevations constitute barriers for their dispersal (Ç ıplak 2008) . Cold adapted populations/species are most likely to disperse to higher altitudes as suitable habitats become available. Thus, a buffering role can be attributed to the altitudinal heterogeneity in the refugia, allowing populations/species of this ecological preference to cope with increasing temperatures. Designing experiments to test the role of highlands as a buffer in conserving biodiversity for refugia is not an easy task. One way of testing this assumption is to examine the biodiversity in a historical context along an altitudinal gradient, and such studies have attributed a significant buffering role to the altitudinal and vegetational heterogeneity in survival of biodiversity (Ponel et al. 2003; Samways et al. 2006) . However, this assumption can also be tested using genetic data by comparing past and present range changes resulting from climatic warming in the context of phylogeography and historical demography. Studies investigating Pleistocene phylogeography of the West Palaearctic define four main glacial refugia; Iberia, Italy, Greece/ Balkans and Anatolia (Hewitt 1996 (Hewitt , 1999 Taberlet et al. 1998; Ç ıplak 2003; Schmitt 2007) . Although the first three of these glacial refugia have been intensively examined, there are few studies dealing with terrestrial species/phylogroups of Anatolia (Cooper et al. 1995; Rokas et al. 2003; Challis et al. 2007; Gündüz et al. 2007; Ç ıplak et al. 2010; Korkmaz et al. 2010) . Moreover, in these studies, mostly species/phylogroups with comparatively high dispersal ability or a wide range have been considered. The aforementioned assumptions have not been specifically addressed for taxa restricted to refugia and ranged along an altitudinal gradient.
The tettigoniid species Poecilimon birandi Karabag, 1950 is endemic to south-west Anatolia (Karabag 1950 ) and is found between sea level up to 2500 m in the Akdaglar range Kaya et al. unpublished data) . Although it is present throughout a wide altitudinal range, it mainly prefers low temperatures such that adults occur during April-May in the lowlands and during late June-early August in the highlands; that is, the two periods with corresponding temperatures (Ç ıplak et al. 2008) . Thus, it is a cold adapted species with a range that was probably affected by changes in temperature during past climatic fluctuations. Because of its range pattern and temperature preference, we considered it as a candidate model species to test the predictions relating to the potential buffering role of the highlands just described. To achieve the aims above, mitochondrial 16S rDNA data were analysed to determine any phylogenetic pattern that may be correlated with past geographic/climatic events and to provide a time dimension for the phylogeographic patterns using molecular clock estimation. Different population genetics and demographic tests were applied to describe the relation between geographic and genetic structuring both for the past and present. Results were used to evaluate ecological predictions associated with the buffering role of highlands.
Material and methods
Sampling and DNA extraction Thirteen populations of P. birandi and two populations of outgroup species P. ledereri Ramme, 1933 (from Izmir and Denizli; the second population previously named as P. tuncayi Karabag, 1953 and later put in synonymy byÜnal (2005) . Since it seems to be very different the population from Denizli given as Poecilimon cf. ledereri; for the relationships of these species see Ullrich et al. 2010) were sampled along the South-west and West Anatolia (Table 1 , Fig. 1 ). Total DNA was extracted from ethanol-preserved tissue of 88 individuals (79 belonging to P. birandi; nine to two outgroups: four to P. ledereri and five to Poecilimon cf. ledereri) with salt extraction method (Aljanabi & Martinez 1997) . A 556 bp region of the 16S rDNA gene was amplified using the universal primers LR-J-12887 and LR-N-13398 described by Simon et al. (1994) . Amplifications were performed in a 50 µl volume containing 0. • C) × 30. The PCR products were purified and the amplification primers were used to generate sequences in both directions. Sequencing products were purified and run in an ABI 3100 automated DNA sequencer (Applied Biosystems), resulting in sequences readable for 537 bp (including indels).
Phylogenetic analyses
Sequences were checked, edited and visually optimized using Sequencher version 4.1.4 (GeneCodes Corp.) and alignment was accomplished using MEGA version 5 (Tamura et al. 2011 ) with default parameter settings. Nucleotide composition was analyzed and frequency of each haplotype was estimated using DnaSP version 5 (Librado & Rozas 2009 ). Our sequences have been deposited in GeneBank (accession nos: JX6668990 -JX6669008). The phylogenetic signal in the data partitions was estimated by maximum likelihood mapping method (Strimmer & von Haeseler 1997) using TREE-PUZZLE version 5.2 (Schmidt et al. 2002) . The phylogenetic relationships among haplotypes were reconstructed using maximum parsimony (MP) and maximum likelihood (ML) algorithms implemented in PAUP* v. 4.0b10 (Swofford 2002) as well as the Bayesian inference of phylogeny (BI) as implemented in MRBAYES version 3.1.2 (Ronquist & Huelsenbeck 2003) . Prior to calculations, all ambiguously aligned positions and gap-loaded positions were excluded from the dataset. The hierarchical likelihood ratio test (hLRT) and the Akaike information criterion (AIC), implemented in the computer program MOD-ELTEST v. 3.7 (Posada & Crandall 1998) , were used to establish the most appropriate model of DNA substitution for our data. The substitution models suggested by MODEL-TEST were implemented in the ML and BI analyses. The ML tree search was conducted using the heuristic search approach. The support to branches was assessed by 1000 non-parametric bootstrap analysis (Felsenstein 1985) . The MP analyses were carried out using the branch-and-bound option. To assess support for the tree, bootstrap analysis was performed with 10,000 replications with the heuristic search approach.
Bayesian phylogeny inference analysis involved four Markov Chains of two million generations, with trees being sampled every 100 generations and a burn-in of 25%. The software tool TRACER version 1.5 (Rambout & Drummond 2003) was used to observe the parameters and to determine the number of trees needed to reach stationarity (burn-in). After discarding burn-in trees and evaluating convergence, the remaining samples were retained for generating 50% majority rule consensus trees and calculating mean, variance, 95% credibility intervals and posterior probabilities.
Finally, the relationship amongst haplotypes within the data set was examined using median-joining (MJ) network (Bandelt et al. 1999) , as produced in NETWORK version 4.5.1.6 (available at http://www.fluxus-engineering.com), in which sequences are nodes of a network rather than terminal tips of a tree.
Estimation of divergence times
Divergence times and their confidence intervals were estimated using a Bayesian Markov Chain Monte Carlo (MCMC) coalescent method, implemented in BEAST version 1.5.2 (Drummond & Rambout 2007) . Prior to running BEAST, we tested the null hypothesis of equal rates of molecular evolution across phylogroups in two ways. First, an initial MCMC analysis, using a relaxed clock with a log normal distribution and the best-fit model of sequence evolution selected by MODELTEST, was run for 30,000,000 generations and the ucld.stdev parameter provided by the program BEAST was examined (Drummond & Rambout 2007) . Second, the ML scores obtained with or without constraining a strict molecular clock were compared (Tamura & Nei 1993) . Both tests led to the acceptance of the molecular clock hypothesis, as suggested by the ucld. stdev parameter estimate of 0.36 and -Ln likelihood values with and without the molecular clock assumption (P > 0.10; df = 17). After appraising the clock-like behaviour of the data, Markov Chain Monte Carlo simulations were run under the best-fit model with four gamma categories using a relaxed molecular clock. Using a Yule speciation prior, two independent MCMC chains, each of 30,000,000 generations, were performed with a discarded burn-in of 3,000,000 generations. The chains were sampled every 1000 generations and, after checking for convergence, the results of the independent chains were combined. TRACER version 1.5 (Rambout & Drummond 2003 ) (downloadable from the BEAST website http://beast.bio.ed.ac.uk) was used to obtain the posterior probability density distribution and 95% confidence intervals of divergence times, and to examine the effective sample size of all parameters. FIG-TREE version 1.3.1 (Rambout 2008 ) was used to visualize the results including the confidence intervals. The dataset was calibrated using the general substitution rate 0.7%, per site/million years for 12S+16S rDNA (Brower 1994; Allegrucci et al. 2009 ).
Genetic diversity and population structure
The number of polymorphic sites (S), the numbers of haplotypes without indels (k), the number of haplotypes including indels (K), haplotype diversity (h), and two measures of nucleotide diversity (π) (Nei & Li 1979) and Waterson Theta (θw) (Watterson 1975) , were calculated both for the populations and the main phylogroups suggested by the tree topologies. Analysis of molecular variance (AMOVA) was conducted to measure the extent to which genetic variance is assigned to the hierarchical level of population organization, by calculating ΦST (Weir & Cockerham 1984; Excoffier et al. 1992) . The significance of the variance components of genetic structure was tested using 10,000 permutations. To evaluate the significance of differentiation between populations, pairwise FST values were also calculated and their significance was tested by permuting haplotypes among the geographical regions (Excoffier et al. 1992 ). All of the above calculations were made using ARLEQUIN version 3.01 (Excoffier et al. 2005) . To see if there was a correlation between genetic diversity and elevation, a Pearson correlation test was applied to the phylogroups suggested by phylogenetic tree using the haplotype and nucleotide diversity scores per altitudinal population using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). The correlation of genetic distances over geographical distances for all pairs of populations was tested with the Mantel permutation procedure (Mantel 1967) as implemented in IBD version 1.53 (Bohonak 2002) .
Historical demographic pattern of the P. birandi was examined by two approaches with the aim of assessing the occurrence of a population expansion/bottleneck. First we evaluated whether the 16S rDNA evolved under strict neutrality by Tajima's D (Tajima 1989 ), Fu's FS (Fu 1997 ) and Fu and Li's D* (Fu & Li 1993 ) tests based on the infinitesite model without recombination and assuming that populations are at equilibrium. Tests were performed in AR-LEQUIN (10,000 simulations). The significantly negative Tajima's D, Fu's FS and Fu and Li's D* will be evaluated as the occurrence of population expansion (Schneider & Excoffier 1999; Li et al. 2003) . Of these indices, Fu and Li's D* is designed to detect an excess of old mutations, characteristic of a population that has experienced a historical bottleneck in effective population size (Fu & Li 1993; Fu 1996) . In contrast Fu's FS is sensitive to an excess of recent mutations (Fu 1997) . Second, historical demographic patterns were assessed by mismatch analysis conducted in ARLEQUIN under a model of population expansion. The overall validity of the estimated demographic model was evaluated by the tests of raggedness index (Hri) (Harpending 1994) and the sum of squared differences (SSD) (Durka et al. 2005) . Significance of Hri and SSD were assessed by parametric bootstraps (10,000 replicates), and the significant values were taken as evidence for departure from the estimated demographic model of sudden population expansion.
We applied a coalescent based analysis to estimate robustness of the results obtained from the demographic analyses given above. The population growth rate g was estimated using LAMARCK version 2.1.2 (Kuhner 2006 ) which uses a Metropolis-Hastings MCMC algorithm to find parameter values that are compatible with genealogical relationships between sequences. For each phylogroup a following strategy applied: 10 short chains of 1000 steps and two long chains of 10,000 steps, sampling every 20 th step and a burn-in of 1000 trees.
Results
After alignment and trimming, the final length of our sequences was 537 bp (in ingroup 534 bp). Within the 537 bp there were 15 indels (1-3 bp). Of the remaining 522 bp, 476 sites were constant, 46 were variable and 31 were parsimony informative. Including indels there were 28 haplotypes of 16S rDNA sequences in 79 ingroup specimens, but this number reduced to 15 when indels were excluded. These 15 haplotypes were used in phylogenetic analyses, but all of 28 haplotypes were used in population genetics and demographic analyses. For data including outgroups, the HKY model with gamma correction (G) of 0.0143 and ti/tv ratio of 4.0209, and the TrN model with the frequency of invariable sites (I) set at 0.8215 were selected by hLRT and AIC, respectively. Since the log likelihood for TrN (− ln L = 960.43) by AIC was higher than that of HKY (− ln L = 962.33) by hLRT, the first was implemented in ML and BI analyses (Posada & Crandall 1998) . Likelihood mapping analysis suggested rich phylogenetic signal in the data set. The percentage of quartets located in the corners is 93.3%, an amount which is reliable for a dichotomic phylogenetic analysis (Lemey et al. 2009 ).
All phylogenetic analyses (BI, MP and ML) of 15 ingroup and four outgroup haplotypes supported monophyly of P. birandi. MP analysis of the 31 parsimony informative sites generated eight MP trees (43 steps, CI = 0.774). The strict consensus tree of these MP trees and the BI tree (Fig. 2) identified three major phylogroups: the East, the West and the Demre, consisting of nine, five and one haplotypes, respectively. The East phylogroup corresponds to the localities from eastern part of the species' range, the West phylogroup to that from western part and the Demre to local Demre population (Figs 1, 2) . The ML tree with TrN+I substitution model resulted in a topology with two main phylogroups: the West and East + Demre, however the bootstrop support to Demre + East is low, thus still consistent with Demre as a separate phylogroup. Contrary to the ML tree, haplotype network (Fig. 3) suggests West + Demre as a single cluster.
Estimation of divergence times
BEAST analysis was constrained with the tree topology given in Fig. 2 . From the BEAST analysis under TrN+I model (Fig. 4) , we estimated the time to most recent common ancestor (TMRCA) for the P. birandi as 1.922 MYR (95% HPD interval = 2.796-1.149). BEAST also suggested the time to MRCA for the haplotypes of East phylogroup as 1.043 MYR (95% HPD interval = 1.615-0.528) and to that of West + Demre as 1.243 MYR (95% HPD interval = 1.965-0.615). The diversification within P. birandi corresponds to Quaternary (Fig. 4) .
Genetic diversity and population structure The genetic diversity indices for each population are presented in Table 2 . Haplotype diversity is around 0.8-0.9 in Eşen2, Bakırlıdag, Tahtalıdag, Kemer and Olympos, and 0.2-0.3 in Erentepe and Eşen3 populations. It is 0.2 and 0.25 in Termessos and Demre populations respectively. Akdag, Eşen1, Patara and Kalkan populations displayed the lowest haplotype diversity. The Tahtalidag and Kemer populations displayed the highest nucleotide diversity (π = 0.0076 and π = 0.0068, respectively). The nucleotide diversity indices are between 0.15-0.30 in Termessos, Olympos, Erentepe and Eşen2 population, but zero in remaining seven local populations (Table 2) .
Genetic differentiation, measured by pairwise F ST, was significant among the several populations (Table 3) . The pairwise F ST scores lower than 0.3 were observed between Termessos-Bakırlıdag (-0.08303), Kalkan-Patara and Akdag-Eşen1 (0.00000), Eşen2-Erentepe (0.02438) and Tahtalıdag-Kemer (0.07531) population pairs. In the remaining comparisons, pairwise F ST values are rarely below 0.5 and mostly run into 1.0000. Estimates of genetic diversity and demographic parameters for the three phylogroups are given in Table 4 . Haplotype diversity is 0.2500, 0.8713 and 0.8720, nucleotide diversity is 0.0000, 0.0074 and 0.0039 in Demre, East and West phylogroups, respectively. There is no haplotype shared between two or three phylogroups (Table 5) .
Consistent with this, the genetic variance at all hierarchical levels was very high (AMOVA in Table 6 ): the three phylogroups are significantly different (Φ CT = 0.70761, P < 0.0000), the difference among the populations within the phylogroups is even higher (Φ SC = 0.73745, P < 0.0000), and the variance within populations is also highly significant (Φ ST = 0.92324, P < 0.0000).
To see if there is a correlation between genetic diversity and elevation, a Pearson correlation test was applied to the East and West phylogroups separately using haplotype and nucleotide diversity scores per al- titudinal population. Results of both applications rejected a linear correlations between genetic diversity and increasing altitude either for the East (haplotype diversity, r = 0.394 and P = 0.512; nucleotide diversity r = 0.144 and P = 0.817) and the West (haplotype diversity, r = 0.064 and P = 0.892; nucleotide diversity r = 0.310 and P = 0.498) phylogroups. Mantel permutation procedure showed a positive correlation between genetic distances over geographical distances (r = 0.42; P < 0.001) for all pairs of populations. We applied six different methods to estimate if each of the West and East phylogroups has undergone an expansion/bottleneck (since there is only one haplotype these tests were not applied to Demre). Tajima D, Fu's F S and Fu and Li's D*, suggested neither significant negative nor significant positive results (at 5% level; 1000 permutations) indicating no expansion and no bottleneck for either phylogroup. In the mismatch analyses, the sum of squared differences (SSD) and the raggedness index (Hri) suggested a weak support to the expansion model of population growth for the East and the West phylogroups (Table 4) . The results of coalescent based analyses showed a negative growth rate (g = -58.68) for the West phylogroup and a small positive value of growth rate (g = 108.66) for the East phylogroup. Thus the results of the demographic analyses are not in agreement for the history of East and West phylogroups.
Discussion
16S rDNA sequences of Poecilimon birandi exhibit some conspicuous features. Of the 46 variable sites 15 (33.3%) are indels and of the total 28 haplotypes 13 are definable only by indels. Thus, a significant proportion of genetic diversity results from presence of indels. Despite this, we were able to resolve the intraspecific phylogeny of P. birandi using 16S rDNA. Monophyly of the species is supported by all analyses. Additionally, relationships among haplotypes suggest three internal phylogroups, each of which corresponds well with a geographic unit in the area, as indicated by their names: East, West and Demre. There are no haplotypes shared by two or three phylogroups. In addition, those shared by two or more populations within the same phylogroup are rare (Table 5) . Consistent with this, AMOVA suggested considerable divergence at all hierarchical levels (Table 6 ). These data suggest limited or even no gene flow either between phylogroups or between populations within the same phylogroups, resulting in the significant genetic structure observed in such a small area. Although the phylogroups are highly differentiated, two groups (East and West) harbour a considerable diversity, as is common for refugial populations (Cooper et al. 1995; Rokas et al. 2003; Challis et al. 2007; Gündüz et al. 2007; Schmitt & Haubric 2008; Ç ıplak et al. 2010) . The three phylogroups of P. birandi do not exhibit the same pattern in terms of genetic properties. Comparison of phylogroup-level values revealed the highest genetic diversity indices for the East phylogroup (Table 4 ). The
West phylogroup harbours a considerable diversity too. Contrary to these two, the Demre phylogroup is poor in all parameters of genetic diversity. Assuming an equal mutation rate, the above-mentioned differences indicate that the East and the West phylogroups are made up of a relatively large effective population size.
Genetic structure on such a fine geographic scale seems peculiar, as this region of mtDNA is usually assumed to lack sufficient variability for intraspecific studies (Simon et al. 1994; Muraji et al. 2000; Cruickshank 2002) . P. birandi are flightless insects and may possibly have very limited dispersal ability (Ç ıplak et al. 1992) , as partially supported by IBD-driven genetic structuring and by the high pairwise F ST values. Home range area is small and the maximum distance between the two most distant localities (Termessos and Patara) is only about 150 km. Although there are signs that geographic distance is one of the factors responsible for differentiation observed, the phylogroups do not always correlate with distance between populations. For example Olympos, Kalkan and Demre are three neighbouring populations, but the first belongs to the East phylogroup, the second to the West and the last constitutes a separate one. There are further geographically close but phylogenetically distant populations. Thus, there should be other reasons responsible for this geographic genetic structuring. One such reason may be the topography of the area, which greatly varies over very short distances from east to west and from south to north. In particular, the Akçay Valley seems to be barrier preventing gene flow between East and West phylogroups (Fig. 5) . The Demre population seems to be restricted to a narrow lowland plain which is bordered by streams in the area (Fig. 5 ) However, while some geographic features appear to act as a barrier to dispersal (gene flow), others do not. This is seen in the West phylogroup: the largest lowland within range of the species is the Eşen valley starting from Mediterranean Sea level and extending to 600-700 m altitudes on the slopes of Akadag Mountain. Instead of being a barrier, the populations in Eşen (named as ESN1 and ESN2) share haplotypes with the mountain top populations of Akdag and Erentepe, all belonging to the West phylogroup (Table 5) (Table 3) . Thus, barriers corresponding to altitudinal heterogeneity do not explain the observed genetic demographic pattern.
This species has a distribution from sea level up to 2250 m elevations, but its distribution along the altitudinal gradient appears discontinuous. Specimens are always found in the forest opening, but not among the forest of Pinus brutia, which is the dominant vegetation type up to 1000-1200 elevations. This is partially true for the Mediterranean maquis vegetation, too. Thus, the micro-habitat preference of this species may contribute to the observed genetic demography.
The high pairwise F ST values indicate divergent populations. This proves the role of vegetation type acting as an ecological barrier to gene flow. Another ecological aspect may be responsible from this population genetic structure is preference of temperature. P. birandi shows a strong negative correlation in body size with increasing altitude (Ç ıplak et al. 2008) . Although there are altitudinal clines, the lowland and the highland populations appear in two different periods: during April-May in low elevations and during late June-August in the highlands. While these differ temporally, they appear during similar mean temperatures (Ç ıplak et al. 2008) . The same temperature requirements lead to different emergence times (April-May versus June-August) for low and highland populations. Emergence of adults in different periods may cause a temporal isolation between lowland and highland populations, at least for the present time, as assessed from high Φ ST values.
Though not presented here, phenotypic behavioural features of the species, as obtained in phylogenetic analyses, support its monophyly. Male calling song, a character considered to be valid in defining reproductive units in Orthoptera (Ragge & Reynolds 1998) , is similar in all three phylogroups (Kaya et al. unpublished) . However, these three phylogroups exhibit a deep divergence genetically in a gene assumed to be conservative. Geographic distance, variable topography and vegetation, in combination with habitat preference, may be responsible for this genetic demography. However, there also should be historical reasons contributed to isolation of these phylogroups for roughly 1.9 MYR in such a small area. Molecular dating of the divergence of the phylogroups corresponds to the Pleistocene, suggesting that populations within East and West phylogroups might have experienced several cooling and warming periods. However, these datings should be considered with caution since they were produced using a short segment of DNA. The possible consequences for the species experienced several climatic shifts may include: (1) phenological changes (changes in annual life cycle), (2) range changes in an altitudinal gradient and (3) reduction in population size or extinction (Ç ıplak 2008 and references therein). Historical demographic analyses suggest no distinct departure in population size (see Table 4 ). Occurrences of lowland populations during April-May and that of highland populations during June-August, in the same phylogroups, may suggest the possibility of changes in annual life cycle. Another possibility is a change in distribution as suggested for the phylogroups of similar habitat preference (Hewitt 1996 (Hewitt , 1999 (Hewitt , 2004 Ç ıplak 2004) . Through climatic cycles, when temperatures decreased during periods of cooling, each of the stable populations (those in the East and the West) shifted their range towards low altitudes. When temperatures rose, they shifted their range back in the opposite direction, but with no horizontal (northward out present home area) range change. The repeated vertical range changes might have resulted in gene flow between lowand highland populations. This is supported by the fact that both the Eastern and Western phylogroups contain populations in high and low altitude. The haplotype ESN2-1, from the mid altitude Eşen2 population, which occurs as an ancestral haplotype (Fig. 3) may indicate a mid-altitudinal ancestral population. However, the genetic diversity and haplotype relationships of the East phylogroup do not exhibit exactly the same pattern in respect to correlation between elevation and diversity indices. It is more plausible to assume that the East phylogroup radiated from two different ancestral populations as the haplotypes of East phylogroup constitute two infra phylogroups corresponding to geographic populations (Fig. 2) . Of the different historical demographic analyses, only the coalescent based analysis suggests a bottleneck for the West phylogroup, while other analyses suggest a stable population growth for the West or the East phylogroups (Table 4) during cooling or warming periods of Pleistocene. Although, there seems to be no stable single mid altitudinal ancestral population for this phylogroup, our results are consistent with the notion that an altitudinal gradient plays a buffering role in the survival of the refugial coldpreferring species experiencing climatic shifts. Rapid altitudinal range changes may allow populations to cope with increasing temperatures during global warming, as has been suggested for other taxa (Carstens & Knowles 2007; Knowles & Richard 2005; Ç ıplak et al. 2010; Korkmaz et al. 2010 ).
An important factor contributing to the observed genetic structure, especially the isolation of East and West phylogroups for about 1.9 MYR, is related to the 'geographic evolution' of the area. Though it can be considered a small area, Quaternary geographic evolution of this region (Fig. 5 ) exhibits interesting aspects that fit well with the evolution of P. birandi. Geological studies on the area report that the mid-northern part of the species range was covered by a large lake through Pleistocene (Öner 2000) . Additionally, the presence of a stream originating from this lake and reaching to the Mediterranean along Akçay (=Karasu) Valley divides the present range of the species into two main parts, eastern and western. The same study suggests further small water bodies in lowlands bordering the Demre population. Although the lake has largely dried up (Avlan Lake is a remnant of this old lake), it existed up until very recently (Öner 2000) , and Akçay and Alakır streams are still active. The Pleistocene age of the lake and the divergence time of the phylogroups as suggested by molecular dating are in good agreement. Thus, the water bodies and streams in the area during the Pleistocene possibly have potentially acted as the main barrier preventing the gene flow between the three phylogroups.
Although it is beyond aim of the study, an implication of the above statements is to reconsider the taxonomy of P. birandi. According to a recently published study (Ullrich et al. 2010 ) P. birandi constitutes a phylogenetic group with P. luschani Ramme, 1933 , P. ledereri (plus its synonym P. tuncayi Karabag, 1953) and P. orbelicus Pancic, 1883. Of these the first species based on specimens by Luschan from "Göllbakti-Kleinasien" by Ramme (1933) an uncertain locality. This locality was later given as "Ankara (?): Gölbaşı (=Gölbakti)" (Central Anatolia) by BeiBienko (1954) and Karabag (1958) . However, Heller (2004) suggests that Luschan collected specimens between Antalya and Fethiye, based on the possible route of Luschan's trip in 1882. According to this study the type locality of P. ledereri given by Bei-Bienko (1954) and Karabag (1958) seems to be incorrect. A clarification of taxonomy is necessary, but song characteristics in 13 populations examined are similar (Kaya et al.; unpublished data) . There are morphological variations among or even within the populations, but they do not correspond with phylogroups. Thus, in this study all specimens were considered under P. birandi, the widespread species in the area. A full rectification of taxonomy requires studying all species in the group.
Conclusions
There are several aspects of data to be concluded from a phylogeographic and conservation biology perspective. First, 16S rDNA in P. birandi contains considerable phylogenetic signs though it is reported to be poorly informative for species level studies (Simon et al. 1994; Cruickshank 2002) . Second, possibly refugial populations changed their range through an altitudinal gradient during past climatic cycles sometimes without long distance horizontal range shifts. Changes in the phenology (annual life cycle) may occur in parallel with such range changes. As consequence, range changes and shifts in annual life cycle may provide persistence of genetic diversity and so survival of the populations during climatic fluctuations. These events may allow species/populations inhabiting an altitudinal gradient in the refugia to cope with climatic changes. The same evolutionary trends may occur during global warming and species of such phylogenographic history and habitat preference may survive to form future biodiversity. Third, combination of the species' features (such as preferring particular ecological conditions, limited dispersal ability and phenological flexibility as observed in P. birandi), the heterogeneous topography and the history of the area may produce a significant genetic structuring. Fourth, the rear edge concept assumes erosion from one margin of species range during climatic shifts (Jansson & Dynesius 2002; Hampe & Petit 2005; Korkmaz et al. 2010; Ç ıplak et al. 2010) . However, the rear edge concept may not be applicable to the populations distributed in an altitudinal gradient in refugium as inferred from historical biogeography of P. birandi. Fifth, climatic shifts may cause fragmentation of the species' populations leading to metapopulations and/or extinction of some small units (Schwartz et al. 2006) . But it also may lead to divergence of fragments and this may lead speciation to increase biodiversity in refugia on the other side (Ç ıplak et al. 2010) .
